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mation followed by Warpage of the substrate, life is signi? 
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_ _ invention has an object to select compositions from Which 
Related U's' Apphcatlon Data increase in life can be expected at a 10W strain rate. In Sn 

(63) Continuation of application No. 1 1/739,122, ?led on Solder’ by doping In by 3 to 7% andAg by 2 to 45%’ the effect 
Apt 24 2007_ of delaying crack development at a 10W strain rate is found 

3 out, and as a representative composition stable at a high 

(30) Foreign Application Priority Data temperature, Sn-3Ag-0.5Cu-5ln is selected. Further, for 
enhancement of reliability, a method for partially coating a 
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SEMICONDUCTOR POWER MODULE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. application Ser. No. 11/739,122, ?ledApr. 24, 2007, the 
entire contents of Which is hereby incorporated by reference 
into this application. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a semiconductor 
poWer module, and more particularly, to a semiconductor 
poWer module having a base substrate, a ceramic insulating 
substrate, and a semiconductor chip Which are connected With 
solder. 
[0003] Generally, a semiconductor poWer module is con 
?gured so that an Si chip, an insulating substrate of AlN, 
Al2O3 or the like, a Cu base substrate or the like excellent in 
thermal conductivity are soldered, and ?lled With silicon gel. 
[0004] For an IGBT module excellent in thermal conduc 
tivity, anAlN insulating substrate-Cu base substrate is used. 
As solder for post-?tting of the AlN insulating substrate and 
the Cu base substrate, Pb-60Sn eutectic solder has been used 
so far. 

[0005] Even if large Warpage occurs to a large-siZed sub 
strate immediately after soldering, the Warpage is relieved by 
creep peculiar to the Pb-60Sn eutectic solder, and the Warpage 
is reduced With lapse of time. In the outermost peripheral 
portion of the solder, the solder structure folloWs deformation 
of the substrate and stress, and a crack does not occur easily. 
Therefore, there has been no problem as the life. 
[0006] MeanWhile, elimination of Pb is demanded due to 
the environmental problem, and in Japan, Sn-3Ag-0.5Cu is 
used in a Wide range in packaging of household appliances, 
communication, computers and the like. 
[0007] HoWever, the poWer module requires soldering of a 
substrate With a large area, and it is found out that With 
Sn-3Ag-0.5Cu Which hardly causes creep deformation With 
respect to large deformation folloWed by Warpage of a sub 
strate, reduction in life remarkably occurs With respect to the 
thermal cycle and TFT tests. Therefore, the conventional 
module structure is in the situation Where it has dif?culty in 
securing reliability. 
[0008] Concerning a SniAg4CuiIn solder composi 
tion component, US. Pat. No. 5,520,752 is knoWn. 
[0009] On the other hand, in the AlN insulating substrate 
and Cu base substrate con?guration, elongation of the life of 
the poWer cycle is the longtime problem. Namely, breaking of 
Wire due to peeling of anAl Wire bonding portion occurs, and 
this limits the life of the entire module. 
[0010] Because of consideration to the environment, use of 
Pb-free solder becomes essential, and Sn-3Ag-0.5Cu solder 
Which is generally used needs to be successfully used for a 
poWer module. The disadvantage of the Sn-3Ag-0.5Cu solder 
Which has creep resistance but cannot perform creep defor 
mation needs to be overcome to ensure the life. 

[0011] Thus, by coating an epoxy resin (hereinafter, some 
times abbreviated simply as a resin hereinafter) With adhesion 
having suitable physical properties onto the periphery of a 
solder outermost peripheral portion Which is the start point of 
occurrence of a crack, the breakage mechanism is changed, 
crack occurrence of solder is inhibited and delayed, and crack 
developing speed can be made loW. In order to increase the 
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life of the AlN insulating substrate and the Cu base substrate, 
a resin having aYoung’s modulus capable of restraining both 
of them in terms of stress and having a linear expansion 
coe?icient close to solder, Cu, AlN and the like is coated to the 
end portion. Thereby, the thermal cycle life of Sn-3Ag-0.5Cu 
solder can be signi?cantly increased. 
[0012] The structure Which covers the entire poWer module 
With an epoxy resin and secures high reliability in the tem 
perature cycle test and the like is already shoWn (For example, 
see JP-A-2004-165281). 
[0013] The problem in the structure Which seals the entire 
poWer module With an epoxy resin is the problem of Warpage 
of the module When increased in siZe. 
[0014] Namely, in the module, Warpage occurs, Which is 
in?uenced by the quantitative ratio related to the thick Cu 
base substrate With high ?exural rigidity and physical prop 
erties of the epoxy resin. First, in the Warpage Which occurs 
When the Cu-base substrate and the ceramic substrate are 
soldered, residual stress exists in the early stage, and the 
Warpage relates to yield reliability of the soldering process 
step. In addition to this, the Warpage relating to the resin 
physical properties and resin thickness further occurs. Each 
Warpage needs to be suppressed in a certain range. 
[0015] In this respect, in the method for coating only the 
solder peripheral portion With a resin, Warpage does not relate 
to rigidity of the resin coating thickness. Therefore, the resin 
coated on the periphery has less in?uence on Warpage, and 
this method has less problem as compared With the structure 
Which resin-molds the entire module. On the other hand, this 
method increases stress load on the peripheral resin portion. 
The resin has the main purpose of providing the effect of 
direct reinforcement of solder by coating the solder portion at 
the outermost peripheral portion Where stress concentrates 
remarkably. This is the structure in Which solder and the resin 
at the peripheral portion undertake stress and strain that occur 
due to thermal expansion difference betWeen the Cu base 
substrate and the ceramic substrate since the resin does not 
exist on the module central portion. 
[0016] On the other hand, in order to increase the life of a 
poWer cycle, it is necessary to increase the life of the Al Wire 
bond part. In order to increase the life of the Wire bond 
(hereinafter, abbreviated as WB) part, it is necessary to pre 
vent thermal fatigue of the WB part by ON-OFF action, or to 
delay thermal fatigue deterioration. Long-time use increases 
the temperature of the perimeter of the WB part little by little, 
and thereby, accelerates fatigue deterioration of the WB part. 
[0017] Thus, the ?rst object of the present invention is to 
provide a semiconductor poWer module With favorable reli 
ability, Which prevents acceleration of fatigue deterioration 
by reducing rise in temperature of the Wire bond part, and 
signi?cantly increases solder life. 
[0018] It is found out that since Sn-3Ag-0.5 Cu solder is not 
capable of creep deformation though it has creep resistance, it 
cannot relieve occurrence of Warpage of a large-siZed sub 
strate of a poWer module or the like by creep, and since as a 
result, high stress alWays acts on the solder, the life of the 
solder becomes short contrary to expectations. Therefore, the 
thermal cycle test With the con?guration With a very loW 
strain rate Was conducted With the model equivalent to a real 
thing With large heat capacity, the life Was evaluated in each 
promising Sn solder having realiZability, and selection of the 
solder composition Was performed. 
[0019] A second object of the present invention is to pro 
vide a semiconductor poWer module designed to increase the 
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life of the solder used between a ceramic substrate and a base 
substrate against the temperature change of intermittent ener 
giZation and temperature cycle. 

SUMMARY OF THE INVENTION 

[0020] In order to attain the above described ?rst object, a 
semiconductor poWer module of the present invention is a 
poWer module formed by connecting a base substrate of Cu or 
the like and a ceramic insulating substrate and a semiconduc 
tor chip With solder, and by ?lling a soft resin such as silicon 
gel, and is characterized in that an epoxy resin is coated on a 
perimeter of a solder end portion of the ceramic insulating 
substrate and the base substrate, a perimeter of an end portion 
of the ceramic insulating substrate at the perimeter and a part 
of a surface of the base substrate at the perimeter in such a 
manner as to Wrap them. 

[0021] In order to attain the above described second object, 
a semiconductor poWer module of the present invention is 
characterized in that for soldering of the ceramic insulating 
substrate and the base substrate, lead-free solder composed of 
Ag: 2 mass % to 4.5 mass %, Cu: 0 mass % to 2.0 mass %, In: 
3 mass % to 7 mass %, and remainder of Sn is used. 

[0022] Namely, the solder foil (150 pm thick) of each kind 
of composition considered to be promising Was placed on the 
Cu base substrate, the A1203 insulating substrate having the 
copper-clad electrode Was placed thereon, and re?oW solder 
ing Was performed under the reducing atmosphere. 
[0023] The model substrate in Which the A1203 substrate 1 
and the Cu base substrate 2 Were bonded together shoWn in 
FIG. 1 Was subjected to the thermal cycle test of —40 to 125° 
C., and the crack propagation rate after the lapse of the long 
cycle Was measured by cross-section observation. As a result, 
in the thermal cycle test, the excellent composition is identi 
?ed, and breakage mechanism is clari?ed, Whereby the Pb 
free solder composition suitable for post-?tting solder of the 
poWer module is selected. 

[0024] Further, When higher reliability is required, by par 
tially coating the epoxy resin having the proper physical 
properties onto the periphery of the outermost peripheral 
portion of the solder Which is the starting point of crack 
occurrence, the breakage mechanism is changed, and the 
crack occurrence of the solder is inhibited and delayed, 
Whereby the temperature cycle life can be remarkably 
increased. 

[0025] According to the present invention, the poWer mod 
ule Which prevents acceleration of fatigue deterioration by 
reducing the temperature rise at the Wire bond portion, and 
has favorable reliability With the solder life remarkably 
increased can be obtained. 

[0026] According to the present invention, Pb-free solder 
of Sn is solder Which hardly creeps, but by reforming by solid 
solution of In into Sn crystal, it has less brittleness and the 
effect of delaying crack development canbe found out even in 
the state Where the strain rate is as sloW as that in the thermal 
cycle test. Further, the solder has the stable composition With 
out loW-temperature eutectic phase appearing even at a high 
temperature, the solder can Withstand the longtime test at a 
high temperature. For various kinds of metalliZation, the joint 
interface strength as high as the strength of SniAg4Cu can 
be expected. 
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[0027] Other objects, features and advantages of the inven 
tion Will become apparent from the folloWing description of 
the embodiments of the invention taken in conjunction With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0028] FIG. 1 is a sectional vieW of a test evaluation model 
in Which anAl2O3 substrate and a Cu base substrate are joined 
together; 
[0029] FIG. 2 is a sectional vieW of an example in Which an 
end portion of an AlN insulating substrate is not partially 
reinforced With a resin, shoWing one example of a semicon 
ductor poWer module of the present invention; 
[0030] FIG. 3 is a sectional vieW of an example, in Which a 
resin is coated on the end portion of the AlN insulating sub 
strate in such a manner as to Wrap it, shoWing one example of 
the semiconductor poWer module of the present invention; 
[0031] FIG. 4 is a vieW shoWing one example in Which 
dimples are formed in the Cu base substrate; 
[0032] FIG. 5 is a vieW shoWing another example in Which 
dimples are formed in the Cu base substrate; 
[0033] FIG. 6 is a sectional vieW of the semiconductor 
poWer module according to a ?rst embodiment of the present 
invention; 
[0034] FIGS. 7(a) and 7(b) are both sectional vieWs of the 
semiconductor poWer module shoWing a modi?ed example of 
the ?rst embodiment of the present invention; 
[0035] FIG. 8 is a sectional vieW of a semiconductor poWer 
module according to a second embodiment of the present 
invention; 
[0036] FIGS. 9(a), 9(b) and 9(0) are all sectional vieWs of 
the semiconductor poWer module shoWing a modi?ed 
example of the second embodiment of the present invention; 
[0037] FIG. 10(a) is a sectional vieW of a semiconductor 
poWer module according to a third embodiment of the present 
invention, FIG. 10(b) is a sectional vieW and a plane vieW 
shoWing one example of the chip portion, and FIG. 10(c) is a 
sectional vieW and a plane vieW shoWing another example of 
the chip portion; 
[0038] FIG. 11(a) is a sectional vieW of a semiconductor 
poWer module according to a fourth embodiment of the 
present invention, FIG. 11(b) is a plane vieW of the same, and 
FIGS. 11(0) and 11(d) are sectional vieWs shoWing examples 
of the Cu base substrate respectively; and 
[0039] FIGS. 12(a) and 12(b) are both plane vieWs of the 
semiconductor poWer module shoWing modi?ed examples of 
the fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[0040] The present invention Will noW be described based 
on examples shoWn in the draWings. 

Example 1 

[0041] FIG. 1 shoWs a section of a test evaluation model in 
Which each kind of rolled solder foil of 150 pm is placed 
betWeen Al2O3 substrate 1 (t0.3) With Cu of 0.3 mm bonded 
thereon and a Cu base substrate 2 (t4) and re?oWed at a 
soldering temperature of 245° C. at the maximum under a 
reducing atmosphere. 
[0042] Seven kinds of solder foils that are (l) to (7) shoWn 
in Table 1, Which differ in characteristics, Were used, and the 
thermal cycle test With the module structure Was conducted 
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with respect to the promising composition. The composition 
was such that by including In by 5% in SniAgiCu solder, 
the soldering temperature was able to be lowered by about 10° 
C. as compared with Sn-3Ag-0.5Cu which is the basis for a 
post-?tting solder 4 of a low temperature, and securing of 
suf?cient strength on the joint interface was considered. 

[0043] It is known that In-adding has less adverse effect on 
joint strength to various kinds of metalliZation, mechanical 
characteristics of a bulk material and the like by adding a very 
small amount, unlike Bi-adding. Because of solid solution 
into the Sn crystal, reliability at a high temperature is as high 
as that of SniAg4Cu. However, addition of a large amount 
of In leads to further solid solution of In into the Sn matrix, 
and therefore, increases internal strain and makes the solder 
dif?cult to extend. In the case of In, In is an element softer 
than Sn which is the base material. Therefore, it is known that 
increase in strength is small, reduction in extension is small, 
and an adverse effect on the mechanical strength by In adding 
is less (for example, Ninomiya; Japan Institute of Electronics 
Packaging, 26th seminar, 2000. 1 . 26). With addition of about 
5% or more of In, reduction in strength at the joint interface 
starts. 

[0044] The rough characteristics of the tested and evaluated 
solder are shown below. 

[0045] (1) Sn-3Ag-0.5Cu: 
[0046] The typical composition of Pb-free solder, which 
has strength and viscosity, and has the structure in which a 
needle-shaped Ag3 Sn develops into a network form. 

[0047] (2) Sn-0.7Cu: 
[0048] Sn-0.7Cu eutectic solder has a state in which 
Cu6Sn5 disperses in the Sn matrix, but has a smaller amount 
of Cu6Sn5 as compared with the amount of Ag3Sn of an 
SniAg eutectic solder, and Cu6Sn5 does not lead to increase 
in strength so much as Ag3 Sn. Therefore, the Sn-0.7Cu eutec 
tic solder is relatively low in strength and excellent in exten 
sion, and therefore, has the characteristic excellent in deform 
ability. 
[0049] (3) Sn-1.5Ag-0.5Cu: 
[0050] The Ag amount is in the intermediate range between 
(1) and (2), has the structure which is not grown to such an 
extent that the network of Ag3Sn is formed, and has the 
intermediate characteristics between both of them. For the 
reason that it can reduce stress load to LSI as compared with 
the solder including 3% of Ag, it is used in solder bump 
connection and the like. 

[0051] (4) Sn-3Ag-0.5Cu-5In: 
[0052] The composition in which the typical composition 
of Sn-3Ag-0.5Cu is added to 5% of In, and the melting point 
is lowered by inclusion of In. Since In is soft, the strength at 
a room temperature only rises to a little higher than Sn-3Ag 
0.5Cu, and extension lowers a little. However, extension 
(31%) at the high temperature (1250 C.) increases more than 
Sn-3Ag-0.5Cu (20%), and therefore, it has the possibility of 
corresponding to creep deformation at a high temperature. 

[0053] (5) Sn-0.5Cu-5In: 
[0054] Since SniCu crystal itself is rich in deformability, 
this is the composition in which the Sn4Cu eutectic which is 
soft and excellent in extension is added to 5% of In. This is the 
solder of which melting point becomes low by inclusion of In, 
which is excellent in extension, and low in strength. Thereby, 
this is the composition made by expecting the solder excellent 
in creep characteristics and low in stress load. 
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[0055] (6) Sn-1.5Ag-0.5Cu-5In: 
[0056] This is the intermediate composition between (4) 
and (5), is in the state in which the network of Ag3Sn is not 
formed, is added to 5% of In, and has the melting point 
lowered by inclusion of In. 
[0057] (7) Sn-37Pb eutectic (for comparison): 
[0058] This is the solder which has been used convention 
ally for connecting the ceramic insulating substrates and Cu 
base substrates of power modules. 
[0059] Table 1 is the result of measuring the crack length 
with respect to the entire length of the joints by cross-section 
observation after passage of 2500 cycles of thermal cycling 
—55 to 125 C.°, and organiZing the crack development rates. 

TABLE 1 

Crack propagation rate of solder 

Crack 
propagation 

No. Solder composition rate (%) Characteristics 

(1) Sni3Ag40.5Cu 83.4 Needle-shaped Ag3Sn 
develops in network 
form. High strength 
and viscous. 

(2) Sn40.7Cu 83.1 Low strength, and large 
extension. 

(3) Sni1.5Ag40.5Cu 90.8 Less Ag3Sn. Intermediate 
characteristics between 
(1) and (2). 

(4) Sni3Ag40.5Cui5In 40.9 Ag3Sn grows into 
network form. 

(5) Sn40.7Cui5In 53.7 Low in strength and 
excellent extension 

(6) Sni1.5Ag40.5Cui5In 49.1 High strength. Ag3Sn 
does not develop into 
network form. 

(7) Sni37Pb 17.6 Large creep 

[0060] The following new knowledge has been obtained 
from the result, the crack propagation situation by cross 
section observation, the observation of structure change, the 
clari?cation experiment of the mechanisms and the like. 
1) In; by inclusion of 5% of In, the crack propagation rate of 
Sn solder reduces. 
2) In the Sn solder, the crack propagation rate of the solder 
including 3% of Ag ((1)) becomes lower than that including 
0% of Ag ((2)), and that including 1.5% of Ag ((3)). 
3) As compared with Sn solder, the conventional Sn-37Pb 
eutectic signi?cantly reduces in crack propagation rate. 
[0061] As a result, it has been found out that the composi 
tion in which In is solidly dissolved into the solder where the 
network of the needle-shaped Ag3 Sn has been ?rmly devel 
oped is excellent. This is the fact which cannot be expected 
from the common sense. 

[0062] Initially, the present inventor considered that the 
solder in which In was included in Sn-0.7Cu which was low 
in strength and excellent in extension was excellent, and the 
solder in which In was included in Sn-3Ag-0.5Cu which was 
high in strength was inferior [for example, see JP-A-2001 
35978]. The above described content has repeatability in the 
experiment, and is the result that cannot be predicted with the 
common sense so far. 

[0063] Thus, the present inventor studied the life increasing 
mechanism as follows, and has obtained the new knowledge. 
1 . The reason of reduction in crack propagation by In doping; 
[0064] According to cross-section observation of the crack 
propagation, in the Sn solder without In, the crack has strong 
tendency to grow linearly on the same plane (seems to be 
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sharp propagation) though sensorially. Namely, it seems to 
mean that the solder portion except for the crack path has less 
stress relaxation. By including In, In is solidly dissolved 
thoroughly into the entire region of the Sn matrix, and there 
fore, the stress state of the periphery is transmitted to the 
adjacent matrixes through this matrix. Further, in the stress 
concentration portion, microscopic crack reduction effect is 
expected. 
[0065] As the result of relative comparison of the cross 
section observation, it is considered that by inclusion of In, 
strength and viscousness of the original Sn solder are lost, and 
stress is dispersed and released in the directions other than the 
crack propagation direction, Whereby linear propagation of 
the crack is delayed (seems to be the propagation lacking in 
sharpness). 
[0066] In the impact test (Charpy), it has been con?rmed 
that by adding the Sn solder With In, the impact absorption 
energy reduces. By adding about 5% of In, it reduces to as loW 
as that of the Sn-37Pb eutectic. It is unclear Whether the 
impact test result alWays directly relates to the crack propa 
gation or not, but the damping capacity of absorbing the 
impact energy of the material is considered to be the phenom 
enon Which appears as a result of solid solution of In into the 
Sn crystal though indirectly. 
[0067] It is knoWn that the solder added to Bi is brittle, and 
With addition of a very small amount, it shoWs extremely loW 
impact energy at —500 C. The degree of reduction in the 
impact value by Bi adding seems to be extremely loW and 
shoW brittleness unlike energy absorption by In. When Bi is 
included to enhance operability, 0.5% or less is desirable, and 
1% or less at mo st. In this range, the problem of embrittlement 
hardly exists, and reliability as the poWer module can be 
secured. 

[0068] As more In is included, the stress dispersing (stress 
relaxation) effect can be expected to be exhibited. According 
to the parallel state diagram, about 12% of In is solidly dis 
solved into Sn. With an In amount Which is smaller than 12%, 
an eutectic phase (1170 C.) at a loW temperature and an In 
phase by a transitional change of the temperature and the like 
are likely to deposit With the composition close to it, and the 
composition cannot be said as the composition capable of 
Withstanding the severe conditions of the poWer module. 
[0069] When more In is solidly dissolved into an Sn solid 
solution, reduction in the mechanical characteristics, reduc 
tion in strength of the joint interface With metalliZation, and 
the like are brought about, and the upper limit of In is set at 
7%. With 7% or less of In, the Sn solid solution is stable even 
at a high temperature at a level of 1500 C. On the other hand, 
With less In, effect of dispersion of stress concentration by In 
decreases, and therefore, the loWer limit is set at 3%. Accord 
ingly, the proper range of In suitable for connection of the 
insulating substrate and the base substrate of the poWer cycle 
is 7%>In >3%. 
2. The reason that the solder including su?icient Ag is supe 
rior in the solder added to In; 
[0070] Since in the solder With a lot of Ag, the needle 
shaped crystal of Ag3Sn is formed into a netWork form, and 
therefore, Ag3Sn Which is stable at a high temperature exists 
as the reinforcement effect of the composite material. This 
effect is considered to inhibit crack propagation. As a result, 
in (5) Sn-0.5Cu-5In, and (6) Sn-1.5Ag-0.5Cu-5In, the crack 
propagation is estimated to be faster than in (4) Sn-3Ag-0. 
5Cu-5In With a large Ag adding amount. (6) With inclusion of 
1.5% of Ag is Worse than (5) With inclusion of 0% of Ag, and 
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the crack propagation rate is the highest. Namely, it is con 
sidered that as Ag3 Sn is not formed into a netWork form and 
strength is increased, crack propagation appears to be faster 
correspondingly than (5) With inclusion of 0% of Ag. 
[0071] The upper limit of Ag adding Was set at 4.5% Which 
is in the practical range With cost or the like taken into con 
sideration. The loWer limit of Ag adding Was at least 2% or 
more in consideration of the level Without formation of the 
netWork of Ag3Sn. 
[0072] Accordingly, the 
4.5%>Ag>2%. 
3. The reason Why the conventional Sn-37Pb eutectic is sig 
ni?cantly excellent as compared With Sn solder: 
[0073] In the loW cycle fatigue test, it is considered to be a 
knoWn fact that Sn-3Ag-0.5Cu is superior to Sn-37Pb eutec 
tic [for example, Kariya; Nonlinear Properties of Solder 
Alloys and Reliability of Thermal Fatigue, Japan Institute of 
Electronics Packaging, Vol. 8 No. 2 (2005)]. It Was studied 
Why the Sn-37Pb eutectic solder Was superior in life in the 
thermal cycle test of the connecting portion of the ceramic 
insulating substrate and the base substrate of the poWer mod 
ule, in spite of the above fact. 
[0074] The strain gauges Were bonded to the ceramic insu 
lating substrate and the surface of the Cu base substrate Which 
sandWiched the solder of the poWer module, and the strain 
rate in the thermal cycle Was measured. As a result, it Was 
found out that the strain rate Was the highest and shoWed 1.5 
to 2><10_6/s at the time of change to a loW temperature from a 
high temperature, and Was very sloW. 
[0075] Even the die bond portions, of Which the strain rates 
have been regarded to be loW in component joints of the 
communication, computer and house hold appliances so far, 
Was regarded as in a level of 10_4/ s at the loWest, though the 
o?icial data Was not seen. 

[0076] The reason Why the strain rates of the ceramic insu 
lating substrate and the Cu base substrate of the poWer mod 
ule are loW is that the thermal capacity of the Cu base sub 
strate and the like peculiar to the poWer module is large. For 
a rapid temperature change, the chip portion is in?uenced by 
cooling from the surface, but in the portion in the vicinity of 
the Cu base substrate, the strain rate hardly becomes 1.5 to 
2><10_6/ s or higher. 
[0077] Comparing the mechanical characteristics and the 
metallographic properties of solder at this strain rate and a 
strain rate loWer than this strain rate, it is found out that 
obvious difference betWeen Sn-3Ag-0.5Cu and Sn-37Pb 
eutectic appears. In the comparison of the properties and 
characteristics of both of them, there are many comparison 
data at a high strain rate of 10_4/s or higher, and it can be 
understood that in this range, Sn-3Ag-0.5Cu turns out to be 
about 1.5 times as excellent as Sn-37Pb eutectic. 

[0078] Sn-37Pb eutectic solder starts to exhibit a superplas 
ticity phenomenon (for example, M. M. I. Ahmed; Journal of 
Materials Science Letters 2, 1983, 59 to 62) at a loW strain rate 
in a level of about 10_4/ s or loWer, and stress reduces, Whereas 
extension abruptly increases. Namely, in the solder portion of 
the ceramic insulating substrate and the Cu base substrate of 
the poWer module, by the creep phenomenon peculiar to 
Sn-37Pb eutectic solder, the solder can adapt to the thermal 
cycle test of the large area joint portion folloWed by deforma 
tion of the module. 
[0079] On the other hand, Sn solder (SniAg4Cu solder is 
a part of it) is basically gathering of Sn crystals, and stable for 
temperature, but cannot creep even When the strain rate 

proper range of Ag is 
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becomes loW, and stress does not reduce. Namely, Sn solder is 
known as a solder that hardly creeps (for example, the afore 
said Kariya document). 
[0080] Accordingly, Sn solder cannot relieve the Warpage 
of the module under the same conditions in the temperature 
cycle test, and stress higher than that of Sn-37Pb eutectic 
solder alWays acts on the Sn solder. It is conceivable that for 
this reason, the Sn solder has a shorter life than Sn-37Pb 
eutectic solder. 

[0081] Considering these phenomena, as adaptation to Pb 
elimination of the poWer module, Sn-3Ag-0.5Cu-5In Was 
selected as the representative composition stable at a high 
temperature, from Which increase of life cycle to some extent 
can be expected, in the Sn solder. 
[0082] The reason Why Cu is included is that the melting 
point can be made a little loWer than SniAg solder by 
adopting ternary eutectic of SniAg4Cu. Further, there are 
the cases of connection to the Cu electrode on the ceramic 
substrate and of direct connection to the Cu base substrate, 
and Cu consumption by the solder is prevented. By adding Ni 
metalliZation With Cu, high strength is provided even after 
being left to stand at a high temperature. Further, by enhanc 
ing solid solution by Cu, enhancing precipitation of (Cu, 
Ni)6Sn5 or the like, and the like, solder added to Cu is strong 
as compared With the solder Without Cu (for example, Ito, et 
al.; Mate 2002). The adding amount of Cu is usually 0.5 to 
0.8%, and When exceeding 1%, extension reduces, but from 
the vieWpoint of fatigue strength, 2% is set as the limit (for 
example, Hirata, et al.; Mate 99, p425). 
[0083] The effect of In adding does not change even if the 
above SniAgiCu solder is added to a very small amount of 
Bi, Ni, Al, Ge, Zn, Sb or the like. Addition of a very small 
amount of each of them has the meaning of exhibiting sepa 
rate characteristics of each of them. 

[0084] The purpose of Ni adding is prevention of consump 
tion of Ni by solder, and stabiliZation by suppressing groWth 
of the intermetallic compound layer after being left to stand at 
a high temperature. The solid solution of the Ni adding 
amount into the solder is about 0.15%, and considering that 
inclusion of a large amount of Ni leads to reduction in Wet 
tability, the Ni adding amount is set as 0.2%. 

[0085] The purpose ofAl adding is to obtain the crack delay 
effect by reforming strength and ductility, and generation of 
very small submorphous (for example, Suzuki, et al; Mate 
2004, p149). Ge adding especially has an object to prevent 
oxidation, and the effect can be expected in the case of con 
nection using a foil Which does not use a ?ux. 

[0086] The purpose of Zn adding is reforming of the struc 
ture, and since Zn is a material Which inhibits Wettability, the 
Zn adding amount is set at 1% or loWer. 

[0087] Sb is generally used for enhancement of strength 
and prevention of coarsening of crystal, and the adding 
amount to SniAg4Cu is 0.4% is preferable. 

Example 2 

[0088] Next, as the means for further increasing the tem 
perature cycle life of the connection portion of the ceramic 
insulating substrate and the Cu base substrate, it is conceiv 
able to coat the joint outer peripheral portion partially With an 
epoxy resin having proper physical properties and to rein 
force it. The reason Why the solder added to In is especially 
used is that the Warpage relieving action and the like for the 
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substrate in the soldering process can be expected, and use of 
the In-added solder leads to enhancement in yield of connec 
tion. 
[0089] FIG. 2 is an example in Which an AlN insulating 
substrate end portion is not partially reinforced With a resin, 
and shoWs a sectional structure of a poWer module using 
Pb-free solder of Sn-3Ag-0.5Cu-5In. The module structure 
itself does not change from the conventional structure. FIG. 3 
shoWs a structure in Which an epoxy resin 3 is partially coated 
on the end portion of an AlN insulating substrate 11 in FIG. 2 
to reinforce it. 
[0090] In the con?guration of the AlN insulating substrate 
1 1-Cu base substrate 2, connection of terminals on an Si chip 
5 Which is in a severe condition in terms of thermal fatigue 
Was made by an Al Wire bond 6 method as the conventional 
one, and for soldering of the chip, a Pb-5Sn high-temperature 
solder 7 Was used. An electrode 8 of the AlN substrate is Cu 
or Al (in the case of Al, Ni or Ni/Au plating is applied to the 
surface for ensuring Wettability With the solder). An Sn-3Ag 
0.5Cu-5In foil of the composition of this example is loaded 
betWeen theAlN substrate to Which the chip is connected With 
the hi gh-temperature solder 7 and the Cu base substrate 2, and 
is connected to them under a reducing atmosphere. Thereaf 
ter, an Sn-3Ag-0.5Cu solder 19 in a paste or the like is sup 
plied onto the electrode of the AlN substrate, and compo 
nents, a lead Wire 18 or the like are re?oW-connected to it. 
[0091] FIG. 3 shoWs the poWer module With the epoxy resin 
3 coated onto the end portion of the AlN insulating substrate 
11 in such a manner as to Wrap it. After the epoxy resin 3 is 
cured, silicon gel 20 is ?lled into a plastic case 17 so as to 
cover the entire module. The epoxy resin 3 is desired to be 
coated uniformly onto the periphery of the post-?tting solder 
4, and therefore, a potting resin Which is an epoxy resin, easy 
to coat and has a loW thermal expansion coe?icient is used. As 
the coating form of the epoxy resin 3, a ?llet portion is not 
limited to the coating structure in FIG. 3, but coating of the 
epoxy resin 3 onto only the portion under the substrate is also 
effective. 
[0092] A dimple hole 14 in the shape of an unfolded fan 
provided to increase adhesion betWeen the epoxy resin 3 and 
the Cu base substrate 2 may be provided in the entire perim 
eter. Further, the dimples 14 may be provided in only the 
portions at four comers of the AlN insulating substrate 11 
Which is in a severe condition in terms of stress as shoWn in 
FIG. 4, and the dimples 14 may be provided in the portions at 
the four comers of the AlN insulating substrate 11 and the 
central portions of the sides as shoWn in FIG. 5. 
[0093] Since the resin bears the stress load at the end por 
tions of the periphery of the AlN insulating substrate 11, the 
conditions required from the resin are (a) adhesion of the resin 
is essential, (b) the resin should include high Young’s modu 
lus and such ?exibility as to be deformable, (c) the linear 
expansion coe?icient of the resin is close to that of Cu, and the 
thermal stress balance of the resin is betWeen that of Cu 
(0t:17.5><10_6/° C.) and AlN (0t:4.3><10_6/° C.), (d) the resin 
is excellent in stability (high Tg: glass transition temperature) 
at a high temperature, and the like. 
[0094] The resin physical properties are preferably in the 
range of the Young’s modulus; 300 to 3000 kgf/mm2, and the 
linear expansion coe?icient; 6 to 25><10_6/o C. 

Example 3 

[0095] It has been found out that as long as Pb-free Sn 
solder is used, the poWer module cannot Withstand the ther 
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mal cycle and TFT of the long-time reliability test With only 
the solder against the thermal fatigue deterioration of the 
solder betWeen the AlN insulating substrate and the Cu base 
substrate. 
[0096] FIG. 6 shoWs an example of the form of coating and 
covering the resin 3 onto the periphery of the solder portion 4 
of the AlN insulating substrate 1 and the Cu base substrate 2, 
Which is in the severe condition in terms of thermal fatigue 
and from Which remarkable effect of improvement in 
enhancement in reliability by a resin can be expected, in the 
con?guration formed by the AlN insulating substrate and the 
Cu base substrate 2. 
[0097] As shoWn in the draWing, the electrode lead from the 
chip 5 adopts the Wire bond 6 method of the Al Wire as in the 
conventional poWer module, and is further connected to an 
external connection terminal lead 18 With a post-?tting solder 
19. For soldering of the chip 5, high-melting point tempera 
ture solder 7 of Pb-5Sn Was used. The electrode 8 of the AlN 
insulating substrate 1 is formed of Cu or Al (in the case of Al, 
Ni or Ni/Au plating is applied to the surface for Wettability 
With the solder. Plating may be applied to only the solder 
portion). 
[0098] Since the resin 3 is desired to be coated on the 
periphery of the solder portions 4 as uniformly as possible, a 
resin for potting Which is epoxy and easily coated With a loW 
thermal expansion coe?icient is used. The resin 3 is desired to 
be coated so that a resin ?llet is formed in the periphery of the 
solder portion 4. 
[0099] The resin physical properties are preferably in the 
range of the Young’s modulus; 300 to 3000 kgf/mm2, and the 
linear expansion coef?cient; 6 to 25x 1 0_6/o C. As theYoung’s 
modulus of the resin 3, the Young’s modulus of a 300 kgf/ 
mm2 or more Which can restrain the periphery in terms of 
stress is required, and the maximum value is considered to be 
about 3000 kgf/mm2. If the Young’s modulus is too high, too 
much ?ller is included. Therefore, the resin has no deform 
ability for the Warpage of the substrate and has the possibility 
of breaking a brittle ceramic substrate. 
[0100] As the desirable resin physical property, the linear 
expansion coef?cient is betWeen the AlN insulating substrate 
1 and the Cu base substrate 2, or is close to the Cu base 
substrate 2. The reason of matching the linear expansion 
coe?icient With the linear expansion coef?cient betWeen 
those of the AlN insulating substrate 1 and the Cu base sub 
strate 2 is that the resin makes mechanical balance favorable 
and reduces thermal stress Which is generated, but a large 
amount of ?ller is included due to the characteristics of the 
resin, and ?oWability becomes Worse and operability become 
loW. Since theYoung’s modulus becomes high, the resin is not 
suitable for the structure With large Warpage, and is suitable 
for a small-siZed structure With less Warpage. The reason Why 
the linear expansion coef?cient is matched With the one close 
to the base substrate of Cu, Al and the like is that the resin is 
a resin of Which linear expansion coef?cient is made high, and 
therefore, the ?oWability of the resin increases since it 
requires only a small amount of ?ller, and is also excellent in 
operability. Since the resin is excellent in ?exibility, it is 
easily adapted to the substrate With large Warpage. After the 
resin 3 is cured, the inside of the case 17 is ?lled With the 
silicon gel 20. 
[0101] FIGS. 7(a) and 7(b) shoW the forms of resin coating 
onto the periphery of the AlN insulating substrate 1, the form 
of the left side of FIG. 7A is coating of the resin 3 in such a 
manner as to Wrap the end portion of the AlN insulating 
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substrate 1. The forms or the like shoWn at the right side of 
FIG. 7A and at the left and right of FIG. 7(b) are also effective. 
[0102] Since the resin 3 bears the stress load in the end 
portion of the periphery of the AlN insulating substrate 1, the 
conditions required from the resin 3 are that l) the resin has 
high adhesion, 2) the resin includes a high Young’s modulus 
and such ?exibility as to be deformable, 3) the resin is close to 
Cu in the linear expansion coe?icient, and is betWeen Cu 
(0t:l7.5><l0_6/° C.) and AlN (0t:4.3><l0_6/° C.) in the ther 
mal stress balance, 4) the resin is excellent in stability (high 
Tg: glass transition temperature) at a high temperature, and 
the like. 

Example 4 

[0103] Correspondence of the Sn solder betWeen the AlN 
insulating substrate 1 and the Cu base substrate 2 by the 
temperature cycle test and the TFT test Was shoWn in 
Example 3. 
[0104] There has been the experience of making the mar 
ginal design With reliability ensured, in the structure before 
elimination of Pb so far, and it cannot be said to be in the 
suf?ciently satisfactory state. We are noW in the circum 
stances Where longer life is expected from the products from 
Which high reliability is expected. The factor Which deter 
mines the life of the poWer cycle is not the life of the Pb-5Sn 
high-temperature solder Which connects the chip 5 and the 
AlN insulating substrate 1, but the fatigue failure life of the 
Wire bond portion (WB). 
[0105] Thus, as the structure Which achieves high reliabil 
ity by using the WB method of the present technique, a Cu 
plate 13 Which is a highly thermal conductive metal plate is 
soldered to the top surface of the chip 5 so that an electrode is 
obtained from the surface of the Cu plate 13. The undersur 
face of the Cu plate 13, the perimeter of the chip 5, the 
perimeter of the solder portion 4, the top of the AlN insulating 
substrate 1 of the perimeter and the top of the electrode 8 on 
the AlN insulating substrate 1 are covered With the resin 3, 
and are independently reinforced With the resin 3 respectively 
and partially as shoWn in FIG. 8, and thereby, increase in life 
cycle in all the reliability tests that are the poWer cycle test, the 
TFT test and the thermal cycle test is aimed at. 
[0106] FIGS. 9(a) to 9(c) shoW three example models in 
Which the resin coating form examples of the peripheries of 
the chips 5 and the peripheries of the AlN insulating sub 
strates 1 differ. FIGS. 9A and 9B are examples in Which the 
coating forms at the side of the AlN insulating substrate 1 are 
changed. In FIG. 9B, the Cu plate 13 on the chip 5 is changed 
into a hat shape to be excellent in heat dissipation capacity, 
and strain exerted on the solder portion 4 betWeen the chip 5 
and the Cu plate 13 is made small to enhance the adhesion 
With the resin 3. 
[0107] The disadvantage of use of the Cu plate 13 on the 
chip 5 is that the life of the solder portion 4 betWeen the chip 
5 and the Cu plate 13 is short, but by adopting the structure of 
partial reinforcement With the resin 3, the life is increased as 
compared With the conventional structure in the thermal cycle 
and TFT, and therefore, this method holds good. FIG. 9C 
shoWs the example in Which the side of the chip 5 is changed, 
and tWo kinds of ?llet shapes are formed at the side of the AlN 
insulating substrate 1. 
[0108] By neWly soldering the Cu plate 13 onto the chip 5, 
and by taking the Wire bond from the top of the Cu plate 13, 
the heat dissipating effect by the heat dissipation of the Cu 
plate 13 excellent in heat conductivity is provided. So far, 
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When the life of the power cycle Was near its end, the tem 
perature rise in the WB part increased to shorten the life. 
[0109] The temperature rise in the WB part is relieved by 
this structure, and the life can be elongated correspondingly. 
The effect of increase of the solder life can be also expected 
by partially coating the perimeter of the solder portion 4 
betWeen the chip 5 and the AlN insulating substrate 1 directly 
Without providing the Cu plate 13. 

Example 5 

[0110] FIG. 10A shoWs a structure shoWing one example of 
the soldering process. The example shoWn in the draWing is 
the example of performing soldering by positioning and ?x 
ing a Pb-5Sn high temperature solder 7 foil (melting point; 
310 to 3140 C.) on the AlN insulating substrate 1, the Si chip 
5 thereon, a Pb-5Sn high temperature solder 9 foil thereon, 
and the Cu plate 13 further thereon by using a carbon jig and 
the like and by passing them through the re?oW furnace. 
[0111] Further, an Sn solder (for example, Sn-3Ag-0.5Cu 
(melting point; 217 to 2210 C.)) foil is placed betWeen the 
AlN insulating substrate 1 loaded With the chip 5 and the Cu 
base substrate 2, and soldering is performed in the re?oW 
furnace at 2450 C. at the maximum. The maximum soldering 
temperature is not limited, but is determined by considering 
heat resistance, Wettability, fuse separability and the like of 
the components. 
[0112] By soldering under the reducing atmosphere, the 
cleaning process step of the ?ux is not required, and therefore, 
Wire bond 6 and coating of the resin 3 can be performed 
immediately after soldering. 
[0113] The method for cleaning by using solder paste or the 
like or the method Without cleaning can be adopted. After 
Wire bond, an epoxy resin having proper physical properties 
is coated onto the side surface of the perimeter of the chip 5, 
the solder portion 7, a part of the surface of the AlN insulating 
substrate 1, the perimeter of the AlN insulating substrate 1, 
the solder portion 4, and a part of the surface of the Cu base 
substrate 2, and thereafter, is cured. The method for perform 
ing Wire bond after curing the resin can be adopted. 
[0114] The Cu plate 13 on the chip 5 may be divided into 
tWo or more for the reason of taking the electrode of the chip 
5, and may be integrated With the resin 3. 
[0115] FIGS. 10(1)) and 10(c) shoW examples each using 
Cu in a plate shape Which is formed by bonding a block 
shaped Cu divided into tWo in advance together With an 
insulation resin 11 With a gap ensuring insulation therebe 
tWeen, and by cutting it crossWise to a ?xed thickness into a 
plate shape. Solder can be provided by the method for sup 
plying it in the separated state to betWeen the tWo electrodes, 
or by the method for supplying it by one foil and preventing 
short circuiting betWeen the adjacent electrodes by fuse sepa 
ration. A space 12 exists under the insulation resin 11 bonding 
the Cu plate 13 immediately after soldering, but thereafter, the 
resin sometimes enters the space 12 When the perimeter of the 
chip 5 is coated With the resin, or the space is vacant as it is in 
some case. After Wire-bonding the Al Wires on the Ni plating 
on the Cu plate 13, the module surface is ?lled With silicon 
gel. 

Example 6 

[0116] FIG. 11(a) shoWs a sectional model of a structure in 
Which an epoxy resin is coated on the perimeter of the chip 5 
and the perimeter of the AlN insulating substrate 1. 
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[0117] In the outer peripheral portion of the AlN insulating 
substrate 1 on Which large stress dimensionally acts, the mea 
sure to enhance adhesion of the Cu base substrate 2 plated 
With Ni Which has the problem in adhesiveness and the resin 
3 is required. 
[0118] From the necessity of securing adhesion With the Cu 
base substrate 2, a coupling agent or the like is put into the 
resin 3, but this is not almighty. 
[0119] Thus, by providing a number of splay holes 14 
shoWn FIG. 11(c) in the perimeter of the solder portion 4 on 
the Cu base substrate 2, separation on the bonding interface 
can be prevented in the thermal cycle and TFT tests. Thereby, 
When strong stress acts on the surface of the Cu base substrate 
2, breakage can be caused in the internal portion of the resin 
instead of the interface. Accordingly, breakage With a number 
of strength variations caused by the substrate surface state can 
be prevented, and the breaking strength close to the stable 
resin bulk can be secured. 

[0120] The ?ne grooves 15 of FIG. 11(b), splay holes 
(dimples) 14 of FIG. 11(0), and complicated shaped holes 
including splay portions 10 of FIG. 11(d) can be formed by 
the tWo-stage pressing Work (for example, see JP-A-7 
273270). The dimples may be formed to be overlaid on one 
another, and if they are overlaid on one another, the ?ne 
grooves 15 are not necessary. Dimple Work is not limited to 
the Cu base substrate 2, and the similar effect can be expected 
from the Al, Cu4C, AliC, and AliSiC base substrates. 
[0121] The effect of the resin can remarkably increase the 
life by suppressing strain acting on the solder by restraining 
the AlN insulating substrate 1 in terms of stress in accordance 
WithYoung’s modulus and the linear expansion coel?cient of 
the region 3. 
[0122] Therefore, stronger adhesion of the resin 3 to the Cu 
base substrate 2 is better. Especially in the case of the AlN 
insulating substrate 1, the difference in linear expansion coef 
?cient from the Cu base substrate 2 is large. Therefore, in the 
thermal cycle test and the like, the life of the module depends 
on the solder life of the joint portion. Therefore, in this struc 
ture, the signi?cance of remarkably increasing the life of the 
solder by partially covering and reinforcing the perimeter of 
the AlN insulating substrate 1 With a resin having proper 
physical properties is great. 
[0123] Examples shoWn in FIGS. 12(a) and 12(b) are the 
examples in Which an epoxy resin is partially coated on the 
four comer portions Where stress easily concentrates, or the 
four corner portions and the intermediate portions of the four 
sides and the like instead of the entire periphery of the solder 
end portion of the AlN insulating substrate 1 and the Cu base 
substrate 2, and this is also effective. Further, by applying the 
dimple groove Work to the surface of the coated Cu base 
substrate 2, stress reinforcement by the resin can be pro 
moted. FIG. 12(a) shoWs an example in Which the groove 
Work is applied to the four corner portions, Whereas FIG. 
12(b) shoWs the example in Which groove Work is provided in 
the four corner portions and the intermediate portions of the 
four sides. 

Example 7 

[0124] An A1203 substrate and a Cu base substrate Were 
soldered With Sn-3Ag-0.5Cu, and the thermal cycle test at 
—40 to 1250 C. Was conducted in the structure as it is Without 
a resin, and the structure in Which the resin is partially coated 
on the perimeter of the solder portion. 
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[0125] As a result, the partially resin coated structure 
showed signi?cant increase in life. Further, in the tWo -dimen 
sional ?nite element method analysis With solder set as elas 
toplasticity, When comparing the maximum equivalent strain 
of the outermost peripheral solder, it has been con?rmed that 
the maximum equivalent strain of the partially resin coated 
structure reduces signi?cantly as compared With the structure 
Without a resin, and it has been con?rmed that correspon 
dence With the actual life can be obtained. 

[0126] Next, as a result of evaluating the structure in Which 
the resin is partially coated on only the solder perimeter under 
the chip and the structure Without a resin, With respect to the 
Pb-5Sn hi gh-temperature solder portion perimeter under the 
Si chip, high reliability of the partially resin coated structure 
can be similarly con?rmed. 

[0127] Further, it can be con?rmed that in the structure in 
Which the chip side is in the Cu hat shape shoWn in FIG. 11(a), 
and the resin is partially coated, the life is long as compared 
With the structure Without a resin. 

[0128] In this case, selection of the Cu hat shape and siZe on 
the chip is important. In the resin partially coated structure, 
the value of the maximum equivalent strain of the solder is 
relatively large, but the life is long. Therefore, it is considered 
that by relaxation of stress concentration by the resin, and 
change in the breakage mechanism, the restraining force of 
the resin in the crack starting point exerts in?uence on delay 
of crack occurrence and delay of crack development speed. 
[0129] Various kinds of examples are described thus far, 
and in adaptation to Pb elimination, use of Sn solder is essen 
tial as the post-?tting solder of the poWer module, but it is 
dif?cult to achieve high reliability With only a solder material. 
[0130] Thus, as in the examples, by partially reinforcing the 
outer peripheral portion of the solder With the resin, the life 
can be increased With the resin amount reduced. The effect of 
partial resin reinforcement in the post-?tting solder portion in 
the structure in the severe state in terms of stress is especially 
exhibited remarkably. When the solder portion at the chip side 
is partially reinforced With a resin, the effect of the resin is 
exhibited more in the material constitution more dif?cult in 
terms of stress. Further, in the solder portion at the chip side, 
the Cu hat is provided on the chip, Wire bond is obtained from 
the top of it, and the perimeter of the solderportion is partially 
reinforced With the resin, Whereby, there is provided the effect 
leading to not only increase of the temperature cycle and TFT 
life of the chip side solder but also leading to the increase of 
the life of the poWer cycle Which is the problem of the Wire 
bond method. 

[0131] It should be further understood by those skilled in 
the art that although the foregoing description has been made 
on embodiments of the invention, the invention is not limited 
thereto and various changes and modi?cations may be made 
Without departing from the spirit of the invention and the 
scope of the appended claims. 
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What We claim is: 
1. A semiconductor poWer module formed by connecting a 

base substrate and a ceramic insulating substrate and a semi 
conductor chip to one another With solder, 

Wherein for soldering of the ceramic insulating substrate 
and the base substrate, lead-free solder comprised of Ag: 
2 mass % to 4.5 mass %, Cu: 0 mass % to 2.0 mass %, In: 
3 mass % to 7 mass %, and remainder of Sn is used. 

2. The semiconductor poWer module according to claim 1, 
Wherein in the lead-free solder, at least one kind of Bi, Zn, 

Ge, Al, Ni and Sb is included. 
3. The semiconductor poWer module according to claim 1, 
Wherein gel ?ller is ?lled into the semiconductor poWer 

module to cover portions of the said base substrate, said 
ceramic insulating substrate and said semiconductor 
chip, and epoxy resin is at least partially coated on a 
perimeter of an end portion of the solder connecting the 
ceramic insulating substrate and the base substrate, a 
perimeter of the ceramic insulating substrate and a part 
of a surface of the base substrate in such a manner as to 

Wrap them. 
4. The semiconductor poWer module according to claim 2, 
Wherein gel ?ller is ?lled into the semiconductor poWer 

module to cover portions of the said base substrate, said 
ceramic insulating substrate and said semiconductor 
chip, and epoxy resin is at least partially coated on a 
perimeter of an end portion of the solder connecting the 
ceramic insulating substrate and the base substrate, a 
perimeter of the ceramic insulating substrate and a part 
of a surface of the base substrate in such a manner as to 

Wrap them. 
5. The semiconductor poWer module according to claim 1, 
Wherein dimple groove Work is applied to a part of the base 

substrate and an epoxy resin is coated on the part of the 
surface of the base substrate in such a manner as to Wrap 
the dimple groove Work. 

6. The semiconductor poWer module according to claim 2, 
Wherein dimple groove Work is applied to a part of the base 

substrate and an epoxy resin is coated on the part of the 
surface of the base substrate in such a manner as to Wrap 
the dimple groove Work. 

7. The semiconductor poWer module according to claim 1, 
Wherein the gel ?ller comprises silicon gel. 

8. The semiconductor poWer module according to claim 2, 
Wherein the gel ?ller comprises silicon gel. 

9. The semiconductor poWer module according to claim 3, 
Wherein the gel ?ller comprises silicon gel. 

10. The semiconductor poWer module according to claim 
4, Wherein the gel ?ller comprises silicon gel. 

11. The semiconductor poWer module according to claim 
5, Wherein the gel ?ller comprises silicon gel. 

12. The semiconductor poWer module according to claim 
6, Wherein the gel ?ller comprises silicon gel. 

* * * * * 


